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ARTICLE TO COMMENT 
Branemark, R., O. Berlin, K. Hagberg, P. 
Bergh, B. Gunterberg, and B. Rydevik, A 
novel osseointegrated percutaneous 
prosthetic system for the treatment of 
patients with transfemoral amputation: A 
prospective study of 51 patients. Bone 
Joint J, 2014. 96(1): p. 106-113. 
 
PERSPECTIVE 
Most of socket related discomforts 
leading to a significant decrease in quality 
of life of individuals with limb amputation 
can be overcome by surgical techniques 
enabling bone-anchored prostheses. To 
date, the OPRA two-stage procedure (i.e., 
S1, S2) is the most acknowledged 
treatment. However, surgical implantations 
of osseointegrated fixations are developing 
at an unprecedented pace worldwide.
[1-18]
 
Clearly, this option is becoming accessible 
to a wide range of individuals with limb 
amputations. 
The team led by Dr Rickard 
Branemark has published a number of 
landmark articles each focusing on a 
particular aspect (e.g., health related 
quality of life, functional outcomes, bone 
remodelling, infection rate). 
[1-3, 19-32]
 
However, evidences presented in this 
prospective study are remarkable. 
Functional outcome, health-related quality 
of life and complications were considered 
concurrently for a large population (i.e., 51 
participants) over an extended period of 
time (i.e., up to year follow up). Therefore, 
the “gain” and “pain” of the whole 
procedure were truly contrasted for the 
first time.  
The results confirmed that OPRA 
surgical and rehabilitation procedures 
improved significantly prosthetic use, 
mobility, global situation and fewer 
problems. Furthermore, the authors 
reported 47 episodes of infections for 63% 
(32) participants between post-op S1 and 
two years follow up. A total of 87% (41) 
were superficial infections recorded for 28 
participants between post-op S2 and two 
years follow up, while 13% (6) were deep 
infections occurring for 4 participants 
during post-op S1 and S2. As expected, 
post-op S2 phase was the most prone to 
both infections. More importantly, the vast 
majority of infections were effectively 
treated with oral antibiotics.  
Clearly, this study provided 
definitive evidence that the benefits of 
OPRA fixation overcome complications. 
This article is also establishing reporting 
standards and benchmark data for future 
studies focusing on bone-anchored 
prostheses.    
 
REFERENCES 
1. Hagberg, K. and R. Branemark, One 
hundred patients treated with 
osseointegrated transfemoral 
amputation prostheses-rehabilitation 
perspective. J Rehabil Res Dev, 2009. 
46(3): p. 331-44. 
2. Hagberg, K., R. Branemark, B. 
Gunterberg, and B. Rydevik, 
Osseointegrated trans-femoral 
amputation prostheses: Prospective 
results of general and condition-
specific quality of life in 18 patients at 
2-year follow-up. Prosthetics and 
Orthotics International, 2008. 32(1): p. 
29 - 41. 
3. Hagberg, K., E. Hansson, and R. 
Branemark, Outcome of Percutaneous 
Osseointegrated Prostheses for 
Patients With Unilateral Transfemoral 
Amputation at Two-Year Follow-Up. 
Arch Phys Med Rehabil, 2014. 
95(11): p. 2120-2127. 
4. Aschoff, H.-H. and R. McGough, The 
Endo-Exo Femoral Prosthesis: a new 
rehabilitation concept following above 
knee amputation. Journal of Bone & 
Joint Surgery, British Volume, 2012. 
94-B(SUPP XXXIX): p. 77. 
5. Hillock, R., J. Keggi, R. Kennon, E. 
McPherson, T. Clyburn, D. Brazil, and 
T. McTighe, A Global Collaboration - 
Osteointegration Implant (OI) for 
Transfemoral Amputation - Case 
Report. Reconstructive review - Joint 
Implant Surgery & Research 
Foundation, 2013. 3(2): p. 50-54. 
6. Rubin, L., L. Kennon, J. Keggi, and 
H. Aschoff, Surgical management  of 
trans-femoral amputation with a  
transcutaneous, press-fit distal femoral 
intra-medullary device: analysis with 
minimum 2 year follow-up. Journal of 
Bone & Joint Surgery, British 
Volume, 2012. 94-B(SUPP XXI): p. 
95. 
7. Van de Meent, H., M.T. Hopman, and 
J.P. Frolke, Walking ability and 
quality of life in subjects with 
transfemoral amputation: a 
comparison of osseointegration with 
socket prostheses. Arch Phys Med 
Rehabil, 2013. 94(11): p. 2174-2178. 
8. Kang, N.V., D. Morritt, C. 
Pendegrass, and G. Blunn, Use of 
ITAP implants for prosthetic 
reconstruction of extra-oral 
craniofacial defects. J Plast Reconstr 
Aesthet Surg, 2013. 66(4): p. 497-505. 
9. Kang, N.V., C. Pendegrass, L. Marks, 
and G. Blunn, Osseocutaneous 
integration of an intraosseous 
transcutaneous amputation prosthesis 
implant used for reconstruction of a 
transhumeral amputee: Case report. 
The Journal of Hand Surgery, 2010. 
35(7): p. 1130-1134. 
10. Pendegrass, C., C. Fontaine, and G. 
Blunn, Intraosseous transcutaneous 
amputation prostheses vs dental 
implants: a comparison between 
keratinocyte and gingival epithelial 
cell adhesion in vitro. Journal of Bone 
& Joint Surgery, British Volume, 
2012. 94-B(SUPP XXXVI): p. 10. 
11. Tomaszewski, P.K., M. van Diest, 
S.K. Bulstra, N. Verdonschot, and 
G.J. Verkerke, Numerical analysis of 
an osseointegrated prosthesis fixation 
with reduced bone failure risk and 
periprosthetic bone loss. J Biomech, 
2012. 45(11): p. 1875-80. 
12. Tomaszewski, P.K., N. Verdonschot, 
S.K. Bulstra, and G.J. Verkerke, A 
New Osseointegrated Fixation Implant 
for Amputated Patients. Journal of 
Biomechanics, 2012. 45(0): p. S322. 
13. Shelton, T.J., J.P. Beck, R.D. 
Bloebaum, and K.N. Bachus, 
Percutaneous osseointegrated 
prostheses for amputees: Limb 
compensation in a 12-month ovine 
model. J Biomech, 2011. 44(15): p. 
2601-6. 
14. Shevtsov, M.A., O.V. Galibin, N.M. 
Yudintceva, M.I. Blinova, G.P. 
Pinaev, A.A. Ivanova, O.N. 
Savchenko, D.N. Suslov, I.L. Potokin, 
E. Pitkin, G. Raykhtsaum, and M.R. 
Pitkin, Two-stage implantation of the 
skin and bone integrated pylon (SBIP) 
seeded with autologous fibroblasts 
induced into osteoblast differentiation 
for direct skeletal attachment of limb 
prostheses. Journal of Biomedical 
Materials Research Part A, 2013: p. 
n/a-n/a. 
15. Tomaszewski, P., N. Verdonschot, S. 
Bulstra, and G. Verkerke. Mechanical 
Failure Risks and Bone Remodeling 
after Implantation of Osseointegrated 
Transfemoral Prostheses. in 
Proceedings of 13th ISPO World 
Congress. 2010. Liepzig, Germany. 
16. Pitkin, M., One lesson from 
arthroplasty to osseointegrationin 
search for better fixation of in-bone 
implanted prosthesis. Journal of 
Rehabilitation Research & 
Development, 2008. 45(4): p. 6-14. 
17. Pitkin, M., On the way to total 
integration of prosthetic pylon with 
residuum. J Rehabil Res Dev, 2009. 
46(3): p. 345-60. 
18. Pitkin, M., G. Raykhtsaum, J. Pilling, 
Y. Shukeylo, V. Moxson, V. Duz, J. 
Lewandowski, R. Connolly, R.S. 
Kistenberg, J.F.t. Dalton, B. Prilutsky, 
and S. Jacobson, Mathematical 
modeling and mechanical and 
histopathological testing of porous 
prosthetic pylon for direct skeletal 
attachment. J Rehabil Res Dev, 2009. 
46(3): p. 315-30. 
19. Berlin, Ö., P. Bergh, M. Dalen, S. 
Eriksson, K. Hagberg, S. Inerot, B. 
Gunterberg, and R. Brånemark, 
Osseointegration in transfemoral 
amputees: the gothenburg experience. 
Journal of Bone & Joint Surgery, 
British Volume, 2012. 94-B(SUPP 
XIV): p. 55. 
20. Branemark, R., O. Berlin, K. Hagberg, 
P. Bergh, B. Gunterberg, and B. 
Rydevik, A novel osseointegrated 
percutaneous prosthetic system for the 
treatment of patients with transfemoral 
amputation: A prospective study of 51 
patients. Bone Joint J, 2014. 96(1): p. 
106-113. 
21. Branemark, R., P.I. Branemark, B. 
Rydevik, and R.R. Myers, 
Osseointegration in skeletal 
reconstruction and rehabilitation: a 
review. J Rehabil Res Dev, 2001. 
38(2): p. 175-81. 
22. Jonsson, S., K. Caine-Winterberger, 
and R. Branemark, Osseointegration 
amputation prostheses on the upper 
limbs: methods, prosthetics and 
rehabilitation. Prosthet Orthot Int, 
2011. 35(2): p. 190-200. 
23. Palmquist, A., S.H. Windahl, B. 
Norlindh, R. Branemark, and P. 
Thomsen, Retrieved bone-anchored 
percutaneous amputation prosthesis 
showing maintained osseointegration 
after 11 years-a case report. Acta 
Orthop, 2014. 2014(05). 
24. Frossard, L., D.L. Gow, K. Hagberg, 
N. Cairns, B. Contoyannis, S. Gray, R. 
Branemark, and M. Pearcy, Apparatus 
for monitoring load bearing 
rehabilitation exercises of a 
transfemoral amputee fitted with an 
osseointegrated fixation: a proof-of-
concept study. Gait Posture, 2010. 
31(2): p. 223-8. 
25. Frossard, L., K. Hagberg, E. 
Haggstrom, and R. Branemark, Load-
relief of walking aids on 
osseointegrated fixation: instrument 
for evidence-based practice. IEEE 
Trans Neural Syst Rehabil Eng, 2009. 
17(1): p. 9-14. 
26. Frossard, L., K. Hagberg, E. 
Häggström, D.L. Gow, R. Brånemark, 
and M. Pearcy, Functional Outcome 
of Transfemoral Amputees Fitted 
With an Osseointegrated Fixation: 
Temporal Gait Characteristics. JPO 
Journal of Prosthetics and Orthotics, 
2010. 22(1): p. 11-20. 
27. Frossard, L., E. Haggstrom, K. 
Hagberg, and P. Branemark, Load 
applied on a bone-anchored 
transfemoral prosthesis: 
characterisation of prosthetic 
components – A case study Journal of 
Rehabilitation Research & 
Development, 2013. 50(5): p. 619–
634. 
28. Frossard, L., R. Tranberg, E. 
Haggstrom, M. Pearcy, and R. 
Branemark, Fall of a transfemoral 
amputee fitted with osseointegrated 
fixation: loading impact on residuum. 
Gait & Posture, 2009. 30(Supplement 
2): p. S151-S152. 
29. Frossard, L.A., R. Tranberg, E. 
Haggstrom, M. Pearcy, and R. 
Branemark, Load on osseointegrated 
fixation of a transfemoral amputee 
during a fall: loading, descent, impact 
and recovery analysis. Prosthet Orthot 
Int, 2010. 34(1): p. 85-97. 
30. Lee, W., L. Frossard, K. Hagberg, E. 
Haggstrom, and R. Brånemark, 
Kinetics analysis of transfemoral 
amputees fitted with osseointegrated 
fixation performing common activities 
of daily living. Clinical Biomechanics, 
2007. 22(6): p. 665-673. 
31. Lee, W.C., L.A. Frossard, K. Hagberg, 
E. Haggstrom, D.L. Gow, S. Gray, 
and R. Branemark, Magnitude and 
variability of loading on the 
osseointegrated implant of 
transfemoral amputees during 
walking. Med Eng Phys, 2008. 30(7): 
p. 825-833. 
32. Vertriest, S., P. Coorevits, K. 
Hagberg, R. Branemark, E. 
Haggstrom, G. Vanderstraeten, and L. 
Frossard, Static Load Bearing 
Exercises of Individuals With 
Transfemoral Amputation Fitted With 
an Osseointegrated Implant: 
Reliability of Kinetic Data. IEEE 
Trans Neural Syst Rehabil Eng, 2014. 
In press. 
 
 
 
 
 
 
 
 
 
 
 
